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Session E2-3.3 Nanotechnology for health and 
environment (Nanomedicine-Diagnostics)
2Outline
Introduction: Lab-on-a-chip, label-free nanobiosensors
Photonic biosensors
Design, fabrication, performance of Si nanointerferometer
MZI: ultrasensitive and real-time DNA and mismatch detection
Integration on lab-on-a-chip platform
Future perspectives
Opto-Nanomechanical biosensors
Design, fabrication, performance of microcantilevers array
Integration on lab-on-a-chip platform
a novel optical waveguide microcantilever
3THE PROBLEM OF THE ACTUAL DIAGNOSTICS
One mejor unmet diagnostic needs is to have a FAST, RELIABLE 
AND SENSITIVE POINT OF CARE DEVICE
The provision of a result (test) at the point in time at which the 
result will be used to make a decision and take appropriate 
action which will result in an improved health outcome
i-STAT Portable Blood 
Clinical Analyzer




























90% OF THE DETECTION METHODS 
ARE OFF-CHIP
Examples: Shimadzu MCE-2010, Hitachi 
SV1100, Agilent Bioanalzer 21000)
Classical detection: Chemiluminescence, 
electrochemical, mass spectrometry, fluorescence







 Total Analysis System: integration of 
sources, sensors, detectors, flow 
system, electronics and data processing 
on a compact device.
 Silicon Microelectronics Technology: 
Mass Production. Low-cost fabrication.
 Sensor packed arrays 








• In any place at any time
• Personalized care




















Slot and Si wire waveguides









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































710Quartz crystal Microbalance 
(QCM)
0.5-1  Ring resonator
0.1Resonant Mirror
0.1 Photonic Crystals































































Interferometers and nanomechanical biosensors are the most 





























(ppt level, EU 
legislation, 0.1 µg/l)
• Direct detection in real 
water samples
•Monoclonal antibodies
• No pre-treatment, fast
• More than 200 
regenerable
• Validated results
• up to 6 analytes
same analysis!!
Environmental toxic pollutants in real samples (water safety)
Anal. Bioanal. Chem. 387, 1449 (2007) 
Biosens.& Bioelec. 22, 1410 (2007)
Anal. Bioanal. Chem. 388, 207 (2007)
Sens.Actu. B 118, 399 (2006)
Talanta 69 (2), 359 (2006)
Anal. Chim. Acta 561, 40 (2006)
Biosens.& Bioelec.21, 2129 (2006)
Portable device, two 
flow cells
(old version, new one will 
be release in ´09)
• Direct detection in 
real human samples
• No pr -treatment
•Detection at 
physiological levels


































Clinical diagnosis in human samples
(urine, serum)
Anal. Bioanal. Chem. 387, 2757 (2007)
Talanta 78, 1011 (2009)
Anal. Clin. Acta 403, 56 (2009)
Anal. Chim. Acta (in press)
Human Growth
hormone
• Direct detection of 
hybridisation in PCR 
samples at nM l vel
• More than  100 
regenerable
• Four different 
mutations of the same 
gene in the same 
analysis
•Fast
Detection of DNA single-base mutations
Gen BRCA-1 breast cancer




























































































T im e  (m in )
 916M R  1 25nM
 185M R  1 25nM
 916W T  125 nM
 185W T  125 nM




185delAG 916delTT R1443X 5382insC
Sensor module
Surface Plasmon Resonance Biosensor (SPR)
9Based on TIR Si waveguides 
Si3N4/SiO2/Si
Rib= 4 nm, Width= 4 µm
Photonic Nanosensor: Mach-Zehnder Interferometer














Si3N4 75 nm 
Width 4 µm
rib of 4  nm
SiO2 2 µm cladding
Design of the optical waveguides
• Single mode behaviour 
• High surface sensitivity
10
Photonic chip
Standard fabrication at Clean Room facilities. 
Robust and reproducible technology.
Advances in Optical Technologies ID 383927, 2008
4 nm∆no,min= 1.1x10-7   ∆Neff, min= 2.0x10-8
Direct detection in the picomolar










SPIE Photonics West, 2007, 647
J. of Micromechanics and Microengineering, 16, 1006, 2006
Nanosensor/microfluidics integration
Channels of 20-100 µm height 





POLYMER MICROFLUIDIC AT THE WAFER LEVEL
12
EARLY DETECTION OF INHERITED BREAST CANCER





Sequence with a 
mismatch
BRCA-1 Gene
DNA probe (28 mer):5’-SH-(CH2)6-(15T)-GTT CTG TCA AAC T-3´
DNA target (58 mer): 5’ – TGC CAC ATG GCT CCA CAT GCA AGT TTG 
ACA GAA CTA CCC TGA TTT TCT GCA C – 3’
DNA (mutations):5´- TGC CAC ATG GCT CCA CAT GCA AGT TTG AAA 
CA GAACTAC CCT GAT ACT TTT CTG GAT GCC -3´
MZI Sensor:  Clinical diagnosis
MPTMS 
SILANIZACIÓN
Si - (CH2)3 - SH
O
Si - (CH2)3 - SH10 % T=25ºC t=24 h
SH-ADN Si - (CH2)3 – S – S – (CH2)3 – T15 –
O





















LOD = 10 pM
[ADN] (M) 58 MER
Control 
Complementary
By SPR only 10 nM is possible!!!
Nanophotonic chip: Results
 
















Chi^ 2/DoF = 0.00597
























LOD = 25 nM

























































P. Cézanne Integrated Project
Integration of Nano-Biology and ICT to 
provide a Continuous Care and Implantable 
Monitoring System for Diabetic Patients
http:// www.p-cezanne.eu
1. Implantable subcutaneous glucose biosensor
2. Measures glucose automatically every 15 min and
sends result to a hand held device (HHD)
3. HHD communicates automatically with Central 
Monitoring Station (CMS)





A new class of highly sensitive, label-free and direct 
biosensor which transduces the molecular recognition of 
biomolecules into a nanomechanical motion
(SNPs-DNA and femtomolar-proteins)
Si microcantilever
What is a nanomechanical sensor?
Trends in Anal. Chem (TRAC), 25(3), 196, 2006 
Appl. Phys. Lett. 89 (2006) 094109 
Cantilever Biosensors In “Optical Biosensors: Today and Tomorrow”
Editorial (si libro):  Ed. F. Liegler and C. Taitt. Elsevier, Amsterdam (NL) 2008
1) Microcantilever functionalization
2) Biomolecular Recognition produces a bending 
of the cantilever due to change of surface stress
Cantilever bending ∼ nm
)(14 22 btLEtz σσ





Si cantilevers, 2560 cantilevers, Array of 20-cantilevers, 0.334 mm thick, k= 5.5.10-3 N/m
Six time more sensitive for biosensing than commercial ones
minimum detectable deflection 0.1 nm
sensitivity expressed in fm/Hz-1/2 : 100

































Langmuir, 20, 9663, 2004
Biosensors & Bioelectronics, 18, 649, 2003



















































•Photodetector array. CMOS circuitry
•Microarrays of 20 microcantilevers
•Microfluidics:flow cell with 20 channels
Array of lasers
Flow cell-20-independent channels




 Complex integration (difficult alignment): Difficult read-out of arrays
 Sequential switching of the laser due to overlapping of the reflection beams
 Complex detection by the PD chip
 Microlens array onto laser chip
















• No alignment (except for light coupling)
• More integrated approach
• No further adjustment 
• Conventional photodetectors
Applied Optics, 45(2), 1, 2006
Applied Physics Letters, 92, 011908 2008
Opto-Nanomechanical Biosensors
2500 cantilevers per wafer
20 cantilevers per chip
Cantilevers: 200 x 40 x 0.6 µm
direct incoupling
























air gap 3 um
in resonance out of resonance























J. Lightwave Tech., 24(5), 2006
The cantilever displacement can be 
detected with resolution of  0.04 nm




Inlet Outlet 1 Outlet 2
Glass Lid ChipGasket
Flow cell, PMMA, V= 0.24 µL
Microfluidics
21






















 On-site detection (portable) -
Microchip format
 Multiplex
Optics Express 17, 2015 (2009) 








In-situ and real-time data 
Imaging to the cellular level
High precision surgery tools using sensors





Complete analysis in minutes 





Portable devices with battery 
High resolution displays 
Benefits
Self diagnostics 
Automatic transmission of data to the 
personal clinical history 
Adapted from GE
Future opportunities for NANODIAGNOSTICS
23
Nanobiosensors and Molecular NanoBiophysics Group
Plasmonics: SPR, Magneto-SPR and LSPR (nanostructures)
Integrated optics: Nanophotonic biosensor (MZI)
Nanomechanical biosensors (standard and optical) 
Biofuncionalization with biological receptors
Microfluidics integration
Lab-on-a-chip platforms (in-vitro and in-vivo)
Applications: clinical diagnostics, environmental control
Single-molecule biophysics using Magnetic tweezers and AFM
SU8 microchannel
Silicon Nitride (wg 
core layer)
Silicon Oxide (wg 
cladding layer)
MORE INFO IN 
www.cin2.es/biosensores
